Introduction
============

Astragalus memebranaceus (AST) is a traditional Chinese herbal medicine used in treatment of common cold, diarrhea, fatigue, anorexia and cardiac diseases \[[@B1]-[@B4]\]. In recent years, radix Astragalus membranaceus has also been used to ameliorate the side effects of cytotoxic antineoplastic drugs \[[@B5]\]. The active pharmacological constituents of radix Astragalus membranaceus include various polysaccharides, saponins and flavonoids \[[@B6]\]. Among these, Astragalus polysaccharides have been most widely studied, mainly on their immunopotentiating properties like stimulation of murine B-cell proliferation and cytokine production \[[@B7]\]. Apart from these, clinical studies also showed that Astragalus polysaccharides could counteract the side effects of chemotherapeutic drugs, such as a significant reduction in the degree of myelosuppression in cancer patients \[[@B8]\]. Recently, there are growing evidences that Astragalus extract may be a potential anti-tumorigenic agent. For instance, hepatocarcinogenesis could be prevented in rats fed with the aqueous extract of Astragalus, which is mainly composed of Astragalus polysaccharides \[[@B9]\]. There are also reports that describe the potentiating effect of Astragalus extract in recombinant interleukin-2-generated lymphokine-activated cells upon the anti-tumorigenic action of drugs against murine renal carcinoma \[[@B10]\]. Saponins isolated from radix Astragalus membranaceus consist of astragalosides (I--VIII) and some of their isomer isoastragalosides (I,II and IV) \[[@B11],[@B12]\]. Similar to the polysaccharides obtained from the same herb, Astragalus saponins have been found to possess immunomodulating effects. The pure isolated saponin astragaloside IV could increase murine B and T cell proliferation \[[@B13]\] and possess cardioprotective properties \[[@B14],[@B15]\]. Some research showed that the total saponins obtained from Astragalus membranaceus (AST) possessed significant antitumorigenic activity in HT-29 human colon cancer cells and tumor xenograft \[[@B16]\]. AST suppressed cancer cell growth by inhibiting proliferation through phase-specific cell cycle arrest and promotion of caspase-dependent apoptosis. In nude mice xenograft, the AST induced reduction in tumor volume was comparable with that produced by the conventional chemotherapeutic drug 5-fluorouracil (5-FU), of which the side effects (including mortality) associated with the drug combo 5-FU 1 oxaliplatin could be largely alleviated when AST was used along with 5-FU in replacement of oxaliplatin \[[@B17]\].

Gastric cancer is one of the most frequent cancers in the world, almost two-thirds of gastric cancer cases and deaths occur in less developed regions. Gastric cancer is a significant cancer burden currently and be one of the key issues in cancer prevention and control strategy in China. But the effect of Astragalus membranaceus on proliferation, invasion and apoptosis of gastric cancer BGC-823 cells remains unclear. In the present study, we investigated the effect of Astragalus saponins on proliferation, invasion and apoptosis of gastric cancer BGC-823 cells.

Materials and methods
=====================

Materials
---------

Radix Astragalus membranaceus had been obtained from the province of Henan, China. The authenticity and quality of the crude herb were then tested in the Quality Assurance Laboratory, The First Affiliated Hospital of Henan University of TCM. Antibodies were from Santa Cruz Biotechnology, USA. The human gastric cancer BGC-823 cell line was purchased from the Chinese Academy of Sciences Cell Bank. All cells were cultured in DMEM (Gibco, USA) supplemented with 10% fetal bovine serum (Gibco, USA) and grown in a 37°C, 5% CO~2~ incubator.

Preparation of AST extract
--------------------------

Astragalus saponins were extracted according to the method of Ma et al. \[[@B18]\] with slight modifications. In brief, 500 g of crude herb was refluxed with 2% potassium hydroxide in methanol for 1 h. Butan-1-ol was added to the reconstituted residue from above for phase separation to obtain total saponins. The dried and lyophilized AST powder (0.6% w/w) was reconstituted in ultrapure water to form a 10 mg/ml stock and stored at −20°C.

CCK-8 assay
-----------

The cells in the logarithmic phase of growth were seeded in 96-well plates at a cell density of 5 × 10^4^/well. Cells were cultured at 37°C in 5% CO2. After 12 hours, replace medium containing 0 μg/ml, 20 μg/ml, 40 μg/mland 80 μg/ml, 0 μg/ml as the control. after 0 h、24 h、48 h、72 h, 10 μL CCK-8 were mixed. Cells were cultured at 37°C in 5% for 3 hours, and then optical density was measured at 450 nm. All experiments were performed in triplicate.

Cell-cycle analysis
-------------------

For cell cycle analysis by flow cytometry (FCM), cells in the logarithmic phase of growth were harvested by trypsinization, washed with PBS, fixed with 75% ethanol overnight at 4°C and incubated with RNase at 37°C for 30 min. Nuclei were stained with propidium iodide for 30 min. A total of 10^4^ nuclei were examined in a FACS Calibur Flow Cytometer (Becton Dickinson, Franklin Lakes, NJ, USA). All experiments were performed in triplicate.

Transwell invasion assay
------------------------

Transwell filters (Costar, USA) were coated with matrigel (3.9 μg/μl, 60--80 μl) on the upper surface of the polycarbonic membrane (6.5 mm in diameter, 8 μm pore size). After 30 min of incubation at 37°C, the matrigel solidified and served as the extracellular matrix for tumor cell invasion analysis. Cells transfected were harvested in 100 μl of serum free medium and added to the upper compartment of the chamber. The cells that had migrated from the matrigel into the pores of the inserted filter were fixed with 100% methanol, stained with hematoxylin, mounted, and dried at 80°C for 30 min. The number of cells invading the matrigel was counted from three randomly selected visual fields, each from the central and peripheral portion of the filter, using an inverted microscope at 100× magnification. All experiments were performed in triplicate.

Apoptosis assay
---------------

The Annexin V-FITC/PI Apoptosis Detection Kit I (Abcam, USA) was used to detect and quantify apoptosis by flow cytometry. In brief, cells in the logarithmic phase of growth were harvested in cold PBS and collected by centrifugation for 5 min at 1000 × g. Cells were resuspended at a density of 1 × 10^6^ cells/ml in 1 × binding buffer, stained with FITC-labeled annexin V for 5 min and immediately analyzed in a FACScan Flow Cytometer (Becton Dickinson). Data were analyzed by Cell Quest software. Tests were repeated in triplicate.

Nude mouse tumor xenograft model
--------------------------------

Fifteen immunodeficient female BALB/C nude mice, 5--6 weeks old were purchased from the Experimental Animal Center of the Henan province, China, They were bred under aseptic conditions and maintained at constant humidity and temperature, according to standard guidelines under a protocol approved by Zhengzhou University. Mice in the different groups were subcutaneously injected in the dorsal scapular region with the BGC-823 cells. After transplantation, the skin was closed and the mice were divided randomly into three groups (five mice per group). In 2 days, AST (100 mg/kg body weight) (Group1) and AST (200 mg/kg body weight) (Group2) \[[@B15]\] were administered once a day. PBS was administered as the control group. Primary tumors were allowed to develop for 28 days. The tumors formed were measured with a caliper every 7 days, and tumor volume was calculated using the formula: volume = π(length × width^2^)/6. Tumors were harvested after 4 weeks.

Statistical analysis
--------------------

SPSS17.0 was used for statistical analysis. One-way analysis of variance (ANOVA) and the *χ*2 test were used to analyze the significance between groups. Multiple comparisons between the parental and control vector groups were made using the Least Significant Difference test when the probability for ANOVA was statistically significant. All data represent mean ± SD. Statistical significance was set at *p* \< 0.05.

Results
=======

Astragalus saponins inhibited proliferation of gastric cancer BGC-823 cells
---------------------------------------------------------------------------

CCK-8 assay was used to measure the cell growth and viability of BGC-823 cells. The effects of Astragalus saponins on proliferation of gastric cancer BGC-823 cells were determined. As shown in Figure [1](#F1){ref-type="fig"}A, Compared to the control, Astragalus saponins inhibited proliferation of BGC-823 cells at a dose- and time-dependent manner. These results suggested that Astragalus saponins might function as a tumor suppressor in BGC-823 *in vitro*.

![**Effect of Astragalus saponins on proliferation and cell cycle of BGC-823 cells. A**. Astragalus saponins inhibited proliferation of BGC-823 cells. Cells were treated with, 20 μg/ml, 40 μg/ml, and 80 μg/ml Astragalus saponins, 0 μg/ml as a control, and cell proliferation was assessed using the CCK8 assay. Data are presented as the mean of triplicate experiments. The growth inhibitory effect of the Astragalus saponins was time and dose dependent, with the maximum inhibition detected 72 h after treatment. \*Significant difference (*p* \< 0.05). **B**. Astragalus saponins impaired cell cycle progression in BGC-823 cells. Cell cycle distribution was analyzed by flow cytometry. Data are presented as the mean of triplicate experiments. Administration of Astragalus saponins significantly increased the percentage of cells in the G0/G1 phase, and significantly decreased the S and G2/M phase fractions.](1746-1596-8-179-1){#F1}

Astragalus saponins induced G1 arrest in BGC-823 cells
------------------------------------------------------

The cell cycle distribution was analyzed by flow cytometry. The fractions of BGC-823 cells in the G0/G1 phase of the cell cycle in the 0 μg/ml, 20 μg/ml, 40 μg/ml, 80 μg/ml Astragalus saponins groups were 55.99%, 65.44%, 70.89%, and 78.82% respectively (Figure [1](#F1){ref-type="fig"}B). These results indicated that Astragalus saponins induced cell cycle arrest in the G0/G1 phase, delayed the progression of the cell cycle, and inhibited cell proliferation.

Astragalus saponins decreased the invasive and migration ability of BGC-823 cells
---------------------------------------------------------------------------------

Transwell invasion assay was used to evaluate the impact of Astragalus saponins on cell invasion and migration. BGC-823 cells were treated with 0 μg/ml, 20 μg/ml, 40 μg/ml, 80 μg/ml Astragalus saponins, and then placed in a Transwell chamber. The number of Astragalus saponins treated BGC-823 cells migrating through the matrigel was significantly lower (*p* \< 0.05) than those of the 0 μg/ml Astragalus saponins group (the control group), (Figure [2](#F2){ref-type="fig"}). The effect was more obvious for 80 μg/ml Astragalus saponins. These results demonstrated that Astragalus saponins inhibited the invasive ability of BGC-823 cells *in vitro*.

![**Astragalus saponins decreased the invasion and migration ability of BGC-823 cells. A**. BGC-823 cell invasion was determined using the transwell invasion assay, which measures the number of cells that migrate through the matrigel into the lower surface of the polycarbonic membrane (100×). Data are presented as the mean of triplicate experiments. **B**. Cell invasion decreased significantly (\**p* \< 0.05) in a dose-dependent manner in Astragalus saponins -treated cells compared with the control group.](1746-1596-8-179-2){#F2}

Astragalus saponins induced apoptosis of BGC-823 cells
------------------------------------------------------

BGC-823 cells apoptosis was measured by flow cytometry. Statistically significant (*p* \< 0.05)increases in annexin V + apoptotic cells were observed in 20 μg/ml(6.53 ± 0.62%), 40 μg/ml(12.14 ± 0.69%) and 80 μg/ml (18.2 ± 0.79%)Astragalus saponins--treated BGC-823 cell lines compared to control group (3.56 ± 0.45%) (Figure [3](#F3){ref-type="fig"}A). These results demonstrated that Astragalus saponins induced apoptosis of BGC-823 cells *in vitro*.

![**BGC-823 cell apoptosis and xenograft tumor experiment. A**. Astragalus saponins induced apoptosis in BGC-823 cells. Cell apoptosis was analyzed by flow cytometry. Statistically significant (\**p* \< 0.05)increases in annexin V + apoptotic cells were observed in Astragalus saponins--treated BGC-823 cells compared to controls. Data are presented as the mean of triplicate experiments. **B**. BGC-823 cell xenograft tumor experiment. Injection of Astragalus saponins inhibited tumor growth in a BGC-823 xenograft model compared with the blank control group. \*Significant difference (*p* \< 0.05).](1746-1596-8-179-3){#F3}

Astragalus saponins inhibited gastric cancer xenograft growth
-------------------------------------------------------------

Because Astragalus saponins play an important role in cell survival, we performed a proof-of-principle experiment using a BGC-823 cell xenograft model. As shown in Figure [3](#F3){ref-type="fig"}B, a significant decrease in tumor volume was observed in the Astragalus saponins -treated group (P \< 0.05). These findings further suggest the therapeutic potential of Astragalus saponins for the gastric cancer.

Discussion
==========

Despite recent advancement in understanding the carcinogenic processes of gastric cancer, the increasing incidence and relatively low remission rate of chemotherapy have urged the scientific community to establish more effective treatment regimens by adopting novel and innovative approaches. The discovery and use of active medicinal compounds from herbal/natural sources have provided alternative treatment choices for patients \[[@B19],[@B20]\]. Tumor metastasis starts with breakdown of epithelial integrity, followed by malignant cells invading into the surrounding stroma and lymphovascular space, by which tumor cells travel to distant target organs. Some researchers showed that Ezrin, HER2 and c-MET abnormal expression were related to the poor prognosis of gastric adenocarcinoma \[[@B21]-[@B23]\].

Astragalus membranaceus (Radix Astragali) has a long history of medicinal use in Chinese herbal medicine. It has been formulated as an ingredient of herbal mixtures to treat patients with deficiency in vitality, which symptomatically presents with fatigue, diarrhea and lack of appetite. Radix Astragali is also commonly used as immunomodulating agent to stimulate the immune system of immunodeficient patients. Moreover, it has been reported that herbal formulations containing Radix Astragali and some of its constituents could produce hepatoprotective \[[@B24]\], antiviral \[[@B25]\] and antioxidative effects \[[@B26]\]. Recently, evidence from various animal and clinical studies has demonstrated that Radix Astragali may possess anticarcinogenic property \[[@B27]\], which could attenuate the systemic side effects of conventional antineoplatic drugs \[[@B28]\].

In the present study, we have shown that the total saponins obtained from radix Astragalus membranaceus could be established as effective chemotherapeutic agent to suppress gastric cancer cell growth through promotion of apoptosis and inhibition of cell proliferation. This is the first report that clearly characterizes the anti-tumor properties of Astragalus saponins in gastric cancer cells and tumor xenograft.

Astragalus saponins affect proliferation, invasion and apoptosis of gastric cancer BGC-823 cells. The mechanisms remain unclear. Some researchers considered the anticancer properties of Astragalus species could be explained by immunological mechanisms on the basis of the results obtained in a study with urological neoplasm cells and bladder murine carcinomas, Rittenhouse et al. \[[@B29]\] reported that A. membranaceus may exert its antitumor activity by abolishing tumor-associated macrophage suppression. The potentiation of the natural killer cytotoxicity of peripheral blood mononuclear cells in patients with systemic lupus erythematosus was demonstrated by Zhao \[[@B30]\] using an enzyme-release assay. The activity was increased in the samples of healthy donors and patients with the pathology. The release of a natural killer cytotoxic factor by peripheral blood mononuclear cells was higher in the control group, and the levels of that factor correlated well with natural killer activity, and correlated negatively with the clinical effect.

Others thought the anticancer properties of Astragalus was associated with RSK2. The Ras-ERKs-RSK2 pathway regulates cell proliferation, survival, growth, motility and tumorigenesis. RSK2 is a direct substrate kinase of ERKs and, functionally speaking, is located between ERKs and its target transcription factors \[[@B31]\]. Studies have demonstrated that the total cellular RSK2 protein level is significantly higher in cancer cells compared with normal tissues and premalignant cell lines \[[@B32]-[@B37]\].

In summary, we have demonstrated in the present study that total Astragalus saponins could inhibit human gastric cancer cell growth both *in vitro* and *in vivo*. This suggested the possibility of further developing Astragalus as an alternative treatment option, or perhaps using it as adjuvant chemotherapeutic agent in gastric cancer therapy.

Conclusions
===========

Total Astragalus saponins could inhibit human gastric cancer cell growth both *in vitro* and *in vivo*. This suggested the possibility of further developing Astragalus as an alternative treatment option, or perhaps using it as adjuvant chemotherapeutic agent in gastric cancer therapy.
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